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2 - 71 . If a = 120°, (3 < 90°, y = 60°, and F = 400 lb, 
determine the magnitude and coordinate direction angles 
of the resultant force acting on the hook. 

Force Vectors: Since oos 2 a + cos 2 P + cos 2 y =1, then cos P = ±Jl- cos 2 120°-cos 2 60° =±0.7071. 
However, it is required that p < 90°, thus, P = cos -1 ( 0.7071) = 45°. By resolving Fj and F2 into their jc, y, and - 
components, as shown in Figs, a and b, respectively, and F 2 , can be expressed in Cartesian vector form as 

F, = 600^1 jsin30°(+1)+600^ i jcos30 °(+J) + «X0 j(-k) 

= {240i+415.69j-360k} lb 
F = 400cos 1201 + 400cos4S°j+ 400ccs60°k 
= {-200i + 282.84J + 200k> lb 

Resultant Force: By adding Fj and F vectorally, we obtain F^. 

¥ r = F,+F 

= (2401+415.69j- 360k)+(-200i + 282.84j + 200k) 

={40i+698.53j-160k} lb 


z 



The magnitude of Fr is 

^=iF R ) z 2 +(F R ) y 2 HF R ) z 2 

=J(40) 2 +(69a53) 2 +(-160) 2 = 717.74 lb = 718 lb Ans. 


The coordinate direction angles of F R are 


t^cos-'fWi 

1= cos *1 

f 40 ' 

) = 86.8° 

Ans. 

L . 

1 1 

[717.74 J 

I 



1-cosH 

f 698.53 

1 = 13.3° 

Ans. 

1 ft . 

1 1 

[717.74. 

) 


r=ra -*r(£k2il 


r -160 "l 

= 103° 

Ans. 

L ft J 


,717.74 J 

1 
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*2-72. If the resultant force acting on the hook is 
F r = {-200i + 800j + 150k} lb, determine the magnitude 
and coordinate direction angles of F. 


Force Vectors: By resolving Fj and F into their x, y t and z components, as shown in Figs. a and 
respectively, Fj and Fj can be expressed in Cartesian vector form as 

«<* 

={240i+415.69 j-36Qfc} lb 
F = Fcosci + FcosjS+ Fees# 

Resultant Force; By adding Fj and F2 vectorally, we obtain F^ .Thus, 

F* =Fj+F 

“20Gi + 800j + 150 k = (240i + 415.69 j = 360k) + (Fogs 0 x i + F cos0 y j + Fens 0 z k ) 
- 200i+800j + 150b = (240+ Foosa)i + (4I5.69 + F cos0)j + (F cosy -360)k 



jcos30°(+j)+6(K^|j(-k) 


Z 



Equating the 1 J, and k components, we have 
-200 = 240+ Fcos 9 X 

Feasor = -440 (1) 

800=415.69+F cos 0 

F cos/J = 384.31 (2) 

150 = Fcosy-360 

F cosy = 510 (35 

Squaring and then adding Eqs. (1), (2), and (3), yields 

F 2 (eos 2 « + cos 2 p +cos 2 y) = 60 J 392.49 (4) 

However, cos 2 a +cos 2 0 + cos 2 y = J.Thus, from Eq. (4) 

F = 775,49N =775 N Ans. 

Substituting F = 775.49 N into Eqs* (1), (2), and (3), yields 

a = 125* 0 = 603* y = 4&9 & Ans. 
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•2-73. The shaft S exerts three force components on the 
die D. Find the magnitude and coordinate direction angles 
of the resultant force. Force F 2 acts within the octant shown. 



Fl = 4001 

Sbwecos 1 60* + cos 1 ft + cos 1 60° = 1 
Solving for ttie positive root, ft - 45° 

Ej = 30Gcos'G0*l + 3QGcos45 & j + 300cos60°k 


Then 

F* = F, + ft + F 3 s 5501 + 52.1 j + 270k 

Fit = f&W + (52.1) 2 + (ITCfji 1 = 614.9 N =61SN Am 


= 1501 +212.1)4 150 k 

a = coa' 1 

(—) 

U 14 . 9 J 

| a 26.6° 

A ns 

ft = -20ogjj + 20og]k 

/ 

ii 

§ 

(BL) 

U 14 . 9 J 

= 85.1* 

Ana 

* -160J + 120k 

r '« cos -1 

f-22-1 

V.61A9V 

= 64.0° 

Ana 


2-74. The mast is subjected to the three forces shown. 
Determine the coordinate direction angles a h p l9 yi of 
that the resultant force acting on the mast is 


L 1 


¥ r = {350i} N. 


F x = 500 coso! 1 + SOOcosftj + 500 cosr^ 

Fjj =F 1 4 (-300J) +C-200k> 

3501 = 500 casor t I + (500 - 300)j 4 (500 cosyi - 200)k 


350 = 500 

0 , a 45.6* 

Ans 

0 = SGGcosft — 300; 

ft = 53.1* 

Acts 

0 - 50Ocos7 t - 200; 

ri = 664* 

Ans 


z 
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2-75. The mast is subjected to the three forces shown. 
Determine the coordinate direction angles a h /3 l5 yi of 
F 1 so that the resultant force acting on the mast is zero. 

Fj = { 500 cosctj S *-500 oqsAJ + 500 


= {-200k} N 



li = {—30®} N 



Fj =F, + = 0 

500cos « t = ft 

«! = 90' 

A as 

SOOcosft =300; 

ft = 53.1' 

AUS 

SOOcosy, = 200; 

y, = 66.4' 

Ana 


z 



*2-76. Determine the magnitude and coordinate 
direction angles of F 2 so that the resultant of the two forces 
acts along the positive x axis and has a magnitude of 500 N. 


Fy = (180 cos i + (180 cos 15*)col 60*J - 180lio 13*k 

= 150 J7 i + 86. 93 J - 46.59 k 
Fj^ficosa^i^^cosftJ + ftcosTlk 
F* =* (500 if K 
Ft = + Fi 

i components : 

500 s 150.57 + h 
F 2t = Ft cos Oi 3 349.43 
j components : 

0 = 86.93 4- Ft cos ft 
F lf = Ft cos ft = -86.93 
k components: 

0 a -46.59 + ^ coift 
Fi t * ft 001 ft “ 


z 



Thus, 

ft - Vftl +ftj +ftl« /(349.43)*♦ (-86.93)*+(44.59)* 


ft * 3<3M 

Ana 

at • US' 

An* 

ft- 104° 

Am 

n - 82.6" 

Am 
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•2-77. Determine the magnitude and coordinate direction 
angles of F 2 so that the resultant of the two forces is zero. 


z 



ft a (180 cm 15*) m«TU (180cm 15»)eo* 60°J - ISOiia I5*k 
• 150.571+86.95]-46.59 k 
ft.ftcot«il + ftooiftj + ftcoj 7 ik 


0-150.57 ♦ ft cot <*» 
ftcotOl - -150.57 


0a 86.93+ft cot A 
ft ee* A--86.93 


k component! i 

0 ■ -46.39+ft cot ft 
ft cm ft a 46.59 

ft ■ /(-15(lis7)* + (-86.93)*+(46.59)* 

Sohrmg. 


U0N 

Am 

■ 147* 

Am 

i nr 

Am 

75.0* 

Am 
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2-78. If the resultant force acting on the bracket is directed 
along the positive y axis, determine the magnitude of the 
resultant force and the coordinate direction angles of F so 
that /3 < 90°. 


Force Vectors: By resolving Fj and F into their* y, and c components, as shown in Figs, a and b, 
respectively, F; and Fean be expressed in Cartesian vector form as 

Fj - 600cos30°sin30°(+l)+600cos 3Q o co$30^+J) + 600sirt 3Q°(-k) 

“{259.811 + 450j - 300k} N 
F= 500cosed+ 500cos /g+ 500cos?k 

Since the resultant force F R is directed towards the positive y axis, then 

¥ R = f R J 
Resultant Force; 


= F| F 

Fjf J =(259*81i4- 450j- 300k)+ (500coe0j1 + 500cos 4- 500cos & z k ) 

F r j = ( 259,81 + SODoos «)i + (450+ SOOcosp )J + (SQOcosy - 300)k 


Equating the i j, and k components, 

0^ 259.81 + 500cosa 
a =121,31* = 121° 

F r = 450 + 500cos ft (I) 


0~ SOOcosy- 300 
y = 53,13° =53T° 


Ans. 


Ans. 




1 




However, since oos 2 a + cos 2 /) +cos 2 y ~l a = 12131*,and 7 = 53.13”, 


cos0=±Jl-a» Z 12131”-cos 2 53.!3* = ±0.6083 

If we substitute cos/) = 0.6083 into Eq. (1), 

Fg - 450 + 500(0.6083) = 754 N Ans. 

and 

jS = cos -1 (0.6083) = 52.5° Ans. 


I 



cb 
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2-79. Specify the magnitude of F 3 and its coordinate 
direction angles a 3 , /3 3 , y 3 so that the resultant force 
F r = {9j} kN. 



Si = 12 cos 30° j - 12sin30°k = 10.392J - 6k 
Si = -11(10} i + T(10)k = -9.2311 + 3.846 k 


Require 

F* = + Fj 

9J * 10.392) - 6k - 9,23 \ 1 + 3.846 k + F 3 

% = 9,2311 - 1.392) + 2.154 k 

Hence, 

F, * /(9 231) 1 + (-1.392)’ + (2.134)* 

Fi = 9.581 kN = 9.58 kN Ans 


cos _, | 

f9.23 n 

= 15.5* 

Am 

U.58lJ 



cos" l | 

f-W 

l = 98.4° 

Ads 

19,581 , 

) 


COS -1 ! 

m) 

= 77.0° 

Ans 

U>,581 / 
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*2-80. If F 3 = 9 kN, 0 = 30°, and </> = 45°, determine the 
magnitude and coordinate direction angles of the resultant 
force acting on the ball-and-socket joint. 



Force Vectors: By resolving F|, Fj and F 3 into their x, y T and c components, as shown in Figs, 
respectively, Fp Fj and F 3 can be expressed in Cartesian vector form as 

F| = 10cos 60 o sin30°H)+ 10co$60 o cos3O o (+i)+ 60 D {-k) 

={-23i+ 4.330J - 8.660k} kN 

={-48i + 6.4k }kN 

F 3 = 9 00 s 45°sin30 c ’{+l) + 9cos45°cos30°f-j) + 9sin 45°(-k) 

={3T82i“ 5 + 51lj-6364k) kN 


Resultant Force: By adding F t , Fj and F 3 vectorally, we obtain F^. Thus, 

F ft — Fj +Fj +F 3 

= (-2.5i+4330j- 8.660k) + {~4.8i + 6.4k)+ {3.1821-5.51 lj- 6364k) 
= {-4.1181 — I -181 j - 8 + 624k} kN 

The magnitude of F/j is 

ft- JcW+wZ + cW 

=J(-4.118) 2 +(-].!81) 2 +(-8.624) 2 = 9.630kN =9.63kN Ans. 

The coordinate direction angles of Fjj are 



Ans. 

[ Fg \ l. 9.630 ) 


B = = dlHl = 97 0« 

Ans. 

i F R \ ( 9.630 ) 


Ans, 

L F R J l 9.630 J 



z 
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•2-81. The pole is subjected to the force F, which has 
components acting along the x, y, z axes as shown. If the 
magnitude of F is 3 kN, /3 = 30°, and y = 75°, determine 
the magnitudes of its three components. 

co s 2 a + oos 2 /S + coaV = 1 


cos 2 a* cob 2 30° + cos a 75 a = 1 


a * 64.67° 

F M = 3 cos64,67° = 1,28 kN Ans 
F y = 3 cos30° = 2.60 kN Ans 

F t « 3 cos75° = 0.776 kN Ans 


z 



2-82. The pole is subjected to the force F which has 
components F x = 1.5 kN and F z = 1.25 kN. If f3 = 75°, 
determine the magnitudes of F and F . 



COS 2 Of + cos 2 /J + cos 2 / = 1 


(Vlw-dW- 


F = 2.02 kN 

Ans 

F y = 2.02 COS75® = 0.523 kN 

Ans 
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2-83. Three forces act on the ring. If the resultant force 
has a magnitude and direction as shown, determine the 
magnitude and the coordinate direction angles of force F 3 . 

C auction Victor No tali on ; 

F, = I20{coj 45*3in 30°l + cos 4S°cos 30°) + sm 45*k> H 
^ (42,43i + 73.4SJ + MA5k) N 

F, = Bo|^l + |kjN = (64.0i + 48.0k) N 

F, = {-H0k) N 


z 



RttuUant Foret: 


^ - ft + + Fj 

(42.431 + 73.4^1+ B4.85k) 

= {(<4.0+J? i )l + /i i J + ( 4S * 0 ‘ U0+ ^) k } 

Equaling i, J and k components, we have 

64.0 +H m > 42.43 F ti - -21.37 N 

F t> = 73.48 N 

48.0- U0+ #5 ( = 84.85 §’ = 146.85 N 

Ike magnitude of force F, is 

= V(-21.S7) s + 73.48*+146.85 1 
= 165.62 N= 166 N Ana 

The coordinate direction angles for F; art 


Ft 

nu ft s —— 

-21.57 

0 = 97.5* 

Ana 


165.62 

a 

«o sfl=-J- = 

73.48 

165.62 

0=63.7* 

Ana 

COS r= -4 = 

146.85 

165.62 

r»27j B 

Ana 


*2-84. Determine the coordinate direction angles of F^ 
and F^. 

Unit Vector of F t and F* : 

=|l + gk = 0.81 +0.6k 

a* - cos 4J°sin 30 s ! + cos 45°cqs 3Q°j + sin 45°k 
* 0,35361+0.6124j+0*707 lk 

Thus, the coordinate direction angles F, and F* are 


cos a Fi = 0.8 

a F , = 36,9* 

Ana 

eos^ =0 

ft, =«w 

Ann 

cos 7 ,j = 0,6 

IV, =3 3.1* 

Ant 

cos a M =0.3336 

(*„= 69.3" 

Ant 

cos ft, = 0,6124 

ft = 512' 

Ant 

cos 7* =0,7071 

7, = 45.0“ 

Arts 
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•2-85. Two forces F 1 and F 2 act on the bolt. If the resultant 
force has a magnitude of 50 lb and coordinate direction 
angles a = 110° and /3 = 80°, as shown, determine the 
magnitude of F 2 and its coordinate direction angles. 

{if = cos 1 110* T cos* 80° + eos 2 y 
y = 15X44* 

F* * Fi + 

50 cosllG* = 

50 cos80° = (F 2 ) 7 

50 COS 157.44° = {%} t - 20 





mh = w* 

«), = “ 26-17 


= /(-IXIO)* + + (-26.17P = 32.4 lb Ans 

•t = = 122° Ans 

fit = cor l (^) = 74.50 aiu 

72 - COS -t ( =144° An* 


2-86. Determine the position vector r directed from point 
A to point B and the length of cord AB. Take z — 4 m. 



y 


Position Vector: Hie coordinates for points A and B arc A{3,0, 2) m and B{ 0, 6,4) m, 
respectively. Thus* 

r Afl =(0-33i+(6-0)j+(4-2)k 

={«3i+6j+2k}m An*. 

The length of cord AB is 

r M = J(-3) 2 +6 2 + 2 2 = 7m Ans. 
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2-87. If the cord AB is 7.5 m long, determine the 
coordinate position +z of point B 

Position Vector; The coordinates for points A and B are A(3, G, 2) m and 5(0, 6, z) m, 
respectively. Thus, 

tab -<0-3*+(6-0)j+fc-2)k 
i + 6 j + 2)k} m 

Since the length of cord is equal to the magnitude of , then 

tab =7.S = J(-3) z +6 2 +fe-2) 2 
56.25= 45+(z-2) 2 
2=d3.354 

z = 535 m Ans, 


z 



*2-88. Determine the distance between the end points A 
and B on the wire by first formulating a position vector 
from A to B and then determining its magnitude. 


z 



tam =* {8 sin 60*-(-3 sm 30>)) * + {8 cos 60° - 1 cos XT)} + (-2 - ])k 
- (8.4381 + 1,402J - 3 kiln. 

'*• - + (1.402)? ♦ (-3) 1 a 9.06«. Aw 
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•2-89. Determine the magnitude and coordinate 
direction angles of the resultant force acting at A. 

Unit Vectors: The coordinate points A , ZJ t aiKi C are shown in Fig. a :* Thus, 
_ _tb _ (3-0)i+(~3-0)j +(2-5“4)k 

** J(3- 0) 2 + (-3- 0) 2 + (2.5- 4) 2 

2 . 2 . 1 . 

= 3 ,_ 3 J “3 k 

it (2- 0)i+(4- 0)J+(0-4)k 

rc J ( 2 — 0) 2 + (4 - 0) 2 + ( 0 - 4) 2 

1 . 2 . 2 . 

= 3 ,+ 3 J “3 k 


Force Vectors: Multiplying the magnitude of the force with its unit vector, we have 
F B =Fb*B =«X)^|i-|i-lkj = {400i-400j-200k>lb 

Ft =it«C = 750^1 i+|j-|kj = (2501+50Qj-500k} lb 

¥ r =F £ +F c = 4001-400j-200k+250i+500j-500k 
F r ={650i+ 100j-700k> lb 

F R = Jo50 2 + lOOi 2 + (-700) 2 = 960 lb Ans. 



Ans. 

Ans* 


a = cos *| 

PW 


Ans* 

/} = «*-> 


his)-*- 

Ans. 

Y - COS 1 


, OT -f^]. 137 . 

Ans. 

f 1 

. J 

1 960j 
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2-90. Determine the magnitude and coordinate direction 
angles of the resultant force. 


z 



13 (- 2 j- 4 k}m; r A9 * 4.472 m 
n A$ * j = - 0.447J - 0.894 It 


Tab 

t ac 


u JlC 


Vac 

F, 


= 600 u AS » (-26133] - 536.66 k}N 

jv n /'nm 1 

f242.54\ 

a 72,8° 

Alii 

= (41 + 6 j- 4 kjn; im c = 1246m 

U — C-4J3 

U2l.«J 


$ 3 cos ' l | 

f 95.47 \ 



« = 04SJ i +■ 0.72!J - 0.4SJ k 

(kTm) 

=t 83.3* 

Ana 

y = cob *' ( 

'-779.20' 

) a 162° 


=> 300 me = (242.541 + 363. SO j - 242.54 k(N 

v 821.64 , 

Ana 


n Faj + Cic 


F* * 1242.541 + 95.47j - 779,20k} 

F m a ^{242, J4p + (95.47)* + (-779.20)* =821.64 3 822 N Am 
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2-91. Determine the magnitude and coordinate direction 
angles of the resultant force acting at A. 


Force Vectors: The unit vectors u g and of Fg and must be determined first From Fig. a 




(4.5 sin 45° - 0)i+(-4.500645° - 0)j+(0 ^ 6)k 

'S J(4.5sin45° - 0) 2 + (-4.5cos 45° - 0) 2 + (0 - 6 ) 2 

= 0.42431- 0.4243j-0.8k 

rc Jc-3-0) 2 + (-6-0) 2 + (0 -6) 2 

1 2 2 

3 y 3 


Thus, the force vectors Fg and are given by 

Ftf = /, = 900(0.4243 i - 0.4243j- G.8k) = {38 L84i - 38 LS4 j - 720k>N 

*C = =«M^-li-|.j-.|kj = {-200i-400j-400k>N 


Z 



Resultant Force: 

F r -F b +F c = (381.84i - 381.84j-720k)+ <-2001-40GJ-400k) 
={18hS4 i-78T84j-l 120k) N 


The magnitude of F^ is 

=J(181.84) 2 + (-781.84) 2 + (-1120) z = 1377.95 N = 138 kN Ans. 


The coordinate direction angles of F# are 



Ans. 

Ans. 

Ans. 





At 
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*2-92. Determine the magnitude and coordinate direction 
angles of the resultant force. 

r, - - ia, (j) sin 40" ( + ,00 (j) cos 40“i - l0 °(j) k 
= {-38.3671 + 43.961 J - 80 k} lb 

'■•" Hs '- s'-H 

= {36 i -63 j - 36k }lb 
F t » Fi + Fj * {*2.567 i - 17.04j - 116.0k) lb 
Ft = A-2- 567) 3 + (-1 7.04) 1 + 1 16.0) 3 = 117,27 lb * 117 lb Ans 


a = cos M 

^-2. J67’i 
Ll 17.27 J 


Ans 

0 = cos' 1 

/■-17.04'' 

U 17,27 J 

( = 98.4° 

Ans 

y- cos - * 

r-\ 16.0^ 

\ 117.27> 

172* 

Ans 


z 



•2-93. The chandelier is supported by three chains which 
are concurrent at point O. If the force in each chain has a 
magnitude of 60 lb, express each force as a Cartesian vector 
and determine the magnitude and coordinate direction 
angles of the resultant force. 


w ^ M (4 cos 30° l — 4 sin 30* j - 6 k) 

* VtAeos 30")> + (-4 sin JO 0 ) 2 + <-6? 

= {28.81 -16.6j - 49.9kftb Ans 

„ „ (- 4cos 30° i - 4 sin 30° j - 6 k) 

y(- 4 C0S 30 0 ) 3 + (-4sin30°) 2 + <- 6)* 


= {-28.81 -I6.6J - 49.9k}lb Ans 


F c = 60 


(4 J - 6k} 


= (33.3 i - 49.9 k} lb Ans 


F„ = F,, + F fl + F c = {-149.8 k} lb 


Fr » 1501b Ana 
« = 90 s Am 
fi =« 90° Ans 

Y = ISO® Ans 


z 
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2-94. The chandelier is supported by three chains which 
are concurrent at point O. If the resultant force at O has a 
magnitude of 130 lb and is directed along the negative z axis, 
determine the force in each chain. 


F c = F l 4 !- 6 — = 0,5547 Fj - 0.8321 Fk 


/ 4 3 ”+ 6) 2 

F, = F* = F c 


,o 


F Kt =ZF l ; 130 = 3(0.8321 F) 

po o jA; 

120 ° 

F = 52,1 Up Aim 


120° 


4 ft 


\C 


2-95. Express force F as a Cartesian vector; then 
determine its coordinate direction angles. 

Unit Victor ; The coordinates of point A are 


A {-lOcos 70°sin 30°, lOcos 70°cos 30°, lOain 70°) ft 
= A{-L710, 2.962, 9,397) ft 


Then 

= {[5 - (-1.710)] i +(-7-1962) j + (0-9.397) k} ft 
- {6,7101 - 9.962]—9,397lt} ft 

r AB = 6.710 2 +(-9.962)* + (-9.397J 2 = 15.250 fl 



6.7 lOi -9.962J - 9.397k 
15.250 

0.44001 -0.6532J—0.6l62k 


z 



Force Vector: 


F = F* aB = 135 {0.44001 - 0.6632j—0.6162k} tb 

= {59.4i-8S,2j-812k} lb An* 

Coordinate Direction Angles ; From the unit vector u a8 obtained 
above, we have 


cos Of - 0.4400 

a = 63.9“ 

An* 

cot ft- -0.6 J32 

0=131' 

Ana 

cosy- -0.6162 

r=128' 

Ana 
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*2-96. The tower is held in place by three cables. If the 
force of each cable acting on the tower is shown, determine 
the magnitude and coordinate direction angles a, (3, y of 
the resultant force. Take x = 20 m, y = 15 m. 



=> goof— ^1 + —1_«-51-k) N 

f25.06 25.06'' 25.067 




« fin + Fjw + *DC 
» {321.661 - 16.82J - 1466.71k} N 


F„ - / (321.66)* + (-16.82)* + (-1466.71)* 


■ 1501,66 N = 

1.50 kN Ans 


J 321,66^1 

a = cos - 

\150L66j 

| « 77.6° 

Ans 

= cos —-- 

tl501.66j 

= 90.6® 

Ads 

./-1466.71 
T * “ ( 1501.66 

j = 168® 

Ans 
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•2-97. The door is held opened by means of two chains. If 
the tension in AB and CD is F A = 300 N and F c = 250 N, 
respectively, express each of these forces in Cartesian 
vector form. 


Umil Victor: Pint determine the position vector r A g and r CD - Tt* coordinates of 
points A and C are 

A|0, -<l + l.5cos 30’).I.Ssin30 ! ^] m=A(0, -2.299,0.750) m 
et-2.50, -(l + I.Jcoi XT), 1.5Jin 300°) m *» C(-2.50. -2.299,0.750) m 

Then 


r A» = {(0-0)l + [0—(-2,299)]}+(0-0.750) k} m 
= {1299j-0,750k] m 

r AB = V2.299* + (-0.750)* = 1418 m 

u At = — = 2 ' 29 ^~ < ^ 7i0lt = O.9507J - 0.3101k 

= ((-0.5 - (-2.5)1 i+[0- (-2.^9) IJ+(°-°.7 5 °) fc} m 
= {2.0Qi+2.299j-0.750k) m 

r eo = ^2.00*+2.299* +(-0.750)* = 3.138 m 

u eo = 52* ~ 0,75 °k = 0.63731+0.7326J-0.2390k 

Foret Victor : 

*4 = *300{0.9507)-0.310lk) N 

= (285.2lj-93.04k) N 

= (285J-93.0k) N Ad» 

F c = F c u co = 250(0.63731 +0.7326) -0.2390k) N 
= {159.331 + 183.)5J-J9.75k) N 
= { 1591+ 183J-39.7k) N An* 



2-98. The guy wires are used to support the telephone 
pole. Represent the force in each wire in Cartesian vector 
form. Neglect the diameter of the pole. 


{/nil Vector.* 

f ac = {(-l-0)l + (4-0)j+(0-4)k) «=»{-»+4)-4k) m 

r AC = V(-U* +4* ♦(-«)*• 5-745 m 

aii£ s ~ ll * 4J ~4k a-Q. 17411+0.6963J-0.6963k 
r AC 5.745 

r a# = {(2-0)i+(-3-0)J+(0-5.5)k) ra» (21-3j-5.5k) » 

r, 0 - V2* + (-3) I +(-5J) i = 6.576 m 

O = *JS. = -~ . 3 lr/' 5k * 0.30411 —0.4562} -0.8363k 
r gD 6.576 


z 



Force Vector ; 

^F a * 2S0{-0.17411 + 0.6963} - 0.6963k] N 
« {-43.521 +174,08} - 174.08k} N 
s (-43.51 + 174)- 174k} N Am 

F t Fgtigp * 175 {0.3041! - 0.4562} - 0,8363k] N 
{53.221-79,83}- 146.36k) N 
«{5321-79.8} - I46k} N Am 
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2-99. Two cables are used to secure the overhang boom in 
position and support the 1500-N load. If the resultant force 
is directed along the boom from point A towards O, 
determine the magnitudes of the resultant force and forces 
Fg and F c . Set x = 3 m and z = 2 m. 

Force Vectors: The unit vectors o g and uq must be determined first From Fig. a. 
rg (-2* 0)1+(0-6)j+(3-0* 2, 6,3. 

U g — - ■ - --*-J4- —It 

J(-2 - 0 ) 2 + (0 - 6) 2 + (3 - 0 ) 2 7 7 7 

„ c * (3-0)i + (0-6)j + (2-0)k .. 3, 6 ||2t 

r C J(3-0 ) 2 +( 0 - 6) 2 +(2- 0) 2 7 7 7 

Thus, the force vectors Fg and are given by 

Fg = Fgug = --Fgi-^Fg^^jFgk 

F c =^a c =lfti-iF c j+lF c k 

Since the resultant force F* is directed along the negative y axis, and the 
load W is directed along the caxis, these two forces can be written as 
F/?=-F*j and W= (-1500k) N 

Resultant Force: The vector addition of Fg , F^, and W is equal to F R . Thus, 

f r =f g +f c + w 

-^J=f-fr*i-fr B J+fr a kj + ^F c i-|r c j+|ftk)+(-i500k) 

-Fr1^f b +|f c % - isoojk 

Equating the i, j, and k components, 

0 = -|fi,+|f c (1) 

~Fr - -ZjFg - ^jF c (2) 

0=jF b +jF c -\500 (?) 


z 



Solving Eqs. (1), (2), and (3) yields 

F c = 1615.38N = 1.62 kN 
Fg =2423.08 N= 142 kN 
F r = 3461.53 N =3.46 kN 


Ans. 



(cP y m 
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*2-100. Two cables are used to secure the overhang boom 
in position and support the 1500-N load. If the resultant 
force is directed along the boom from point A towards O, 
determine the values of x and z for the coordinates of point 
C and the magnitude of the resultant force. Set 
F b = 1610 N and F c = 2400 N. 

Force Vectors: From Fig. a, 

_r B (-2- 0)i+(0- 6 )j + (3- 0)k _ 2 t 6^3,. 

XX B - — - — I—— -) + ■=■ K 

* •J(-2-0 ) 2 + (0-6) 2 +(3-0 ) 2 7 7 7 

(jc-0)H-(0-6)j-K;-0)K x 


J+- 


Thus, 


J(jr- 0 ) 2 + (0- 6) 2 + (: - 0 ) 2 t/x 2 + ; 2 +36 Jx 2 +: 2 + 36 Jx 2 +; 2 + 


F b = Fgug - 1610^-~i-~j+~kj= (-4601- 138Oj + 60Ok)N 



1500 N 


36 


F C = ^0 °c 




rl- 


2 +36 Jr 2 + c 2 +36 Jjc 2 + c 2 +36 > 


240Qr \ 14400 ^ 2400c 


Jx 2 +c 2 + 36 Jx 2 + c 2 +36 -Jjc 2 + c 2 +36 


Since the resultant force F* is directed along the negative y axis, and the load 
is directed along the caxis, these two forces can be written as 


Resultant Force: 

F/?=F*+F C + W 


and 


W= [-1500k] N 


-F*j = (-460i- 1380j+690k)+ 


240Qr 


14 400 ^ 2400c k 





( \ 


\ 

f \ 


^ — 

i _ 

'4 400 


k 

,Vx 2 + c 2 +36 


Nx 2 + : 2 + 36 J 

, ic 2 +z 2 + 36 



Equating the t j. and k components, 
240Qx 


0 = 


•Jx 2 +c 2 + 36 
14400 


460 


240(k 


& 7 ? 


= 460 


+ 36 




0=690 + 


Jx 2 +c 2 + 36 
2400c 


-+1380 




14400 




-+1380 


+ 36 




-1500 


2400c 


+ 36 


[r 2 +c 2 + 36 


= 810 


Dividing Eq. (1) by Eq. (3), yields 
x* 0.5679c 

Substituting Eq. (4) into Eq. (I), and solving 
C = 2.197 m = 2.20 m 

Substituting c = 2.197 m into Eq. (4), yields 
x = 1.248m = 1.25m 

Substituting x = 1.248 m and : = 2.197 m into Eq. (2), yields 
Fr = 3591.85 N =3.59 kN 


( 1 ) 

( 2 ) 

(3) 

(4) 

Ans. 

Ans. 


Ans. 
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•2-101. The cable AO exerts a force on the top of the pole 
of F = {-120i - 90j - 80k} lb. If the cable has a length of 
34 ft, determine the height z of the pole and the location 



(x, y ) of its base. 


x 


f - V(-i») 1+ c-90) 1+ (-i»)’ ■ i7oa> 

r 120 90 , so. 

F 170 170 170 

rd34as {-241 - IB j - 16 k} ft 
Thus, 

x * 24 ft Ana 

18 ft Ana 

Id 16 ft Ana 
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2-103. If the resultant of the three forces is 
Ftf = {-900k} lb, determine the magnitude of the force in 
each chain. 


Force Vectors: The unit vectors 04 , 0 #, and must be determined First From Fig. a, 
(-3sin 30° - 0)i + (3 cos 30° - 0)j + (0 - 7)k 

U A =' 





u c = 


- -0.1970i + 0.341 lj- 0.9191k 

■J(-3 sin 30° - 0) 2 + (3cos 30° - 0) 2 + (0 - 7 ) 2 
- (~3sin30°j-0)i + (-3 «)s30°-0)j + (0-7)k _ _ 0 .i970i-0.3411 j-0.9191k 
■J(-3 sin 30° - 0) 2 + (-3cos 30° - 0) 2 + (0- 7) 2 
(3-0)i + (0-0)j + (0-7)k 

J(3-0) 2 + (0-0) 2 +(0- 7) 2 


.= 0.3939i-0.9191k 


Thus, the force vectors , F B , and F^ are given by 

F A = F a q a =-0.1970^1+ 0.341^-0.919^ 

F B = F B u B = -0.1970F B i- 0.341 lF B j-0.9191F B k 
F c = F c a c =0.3939F c i —0.9191F c k 

Resultant Force: The vector addition of F^, F B , and F^ is equal to F B . Thus, 

F* = f a +Fb +F C 

-900k =(-0.1970F /1 i + 0.3411F A j-0.9191F /1 k) + (-0.1970f : Bi-0.341 lF B j-0.9191F B k)+(0.3939F c i-0.9191/ :, c k) 
-900k =(-0.1970 F a -0.1970F b + 0.3939)i + (0.3411F A - 0.3411F B )j + (-0.9191F A -0.9191F B - 0.9191/t:)k 


Equating the i, j, and k components, 

0 = -0.1970F4 -0.1970F fl + 0.3939F c 

0= 0.341 1F a - 0.341 1F b 

-900k = -0.9191F,t - 0.9191F B - 0.9191F C 

Solving Eqs. (1), (2), and (3), yields 
Fa=Pb=Fc = 3261b 


( 1 ) 


(3) 


( 2 ) 


Ans. 


BC'Ssrn3c*'3#ftfo)ft 





90 





























2 Solutions 44918 1/21/09 12:02 PM Page 91 



© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*2-104. The antenna tower is supported by three cables. If 
the forces of these cables acting on the antenna are 
F b = 520 N, F c = 680 N, and F D = 560 N, determine the 
magnitude and coordinate direction angles of the resultant 
force acting at A. 


z 



F c = 680|—1 * flsof— 1+ — J - — *1 =. 3201+ 3#>J - 480 k 
b* 34 34 ) 

F 0 = S60[ — ]= J6of- —1+ i-J - — k) * - 2401+ 160 J - 480k 
J v 28 28 28 / 

F, - XF = {801 + 320J -1440kj N 

F* » /(SOp + (320) 2 + (- 1440P * 1477.3 = 1.48 kN Am 



co.-'| 



U477.3/ 

S m 

CM*‘I 

r 320 \ 

P 


v 1477.3 J 

v x 


^ 1440 

7 

COi | 

<1477.3 J 


86.9 s 

77.5 s 

167* 


Ant 


Am 

Am 
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•2-105. If the force in each cable tied to the bin is 70 lb, 
determine the magnitude and coordinate direction angles 
of the resultant force. 

Force Vectors: The unit vectors u A , o n c and a D of , ¥ Bl F^ and F D must be determined first 
From Fig. a, 

n A (3-0H+(-2-0)j + (Q-6)k _3, 2^ 6 t . 

TA V ( 3 - 0) 2 +(- 2 - 0) 2 + (0 - 6) 2 ’ 7 7 

IS (3-0)l+(2-0)J+<0-6)k 3. 2. 6. 

a S =— = ■ ~ ~j-~k 

• J(3 - 0) 2 +(2 - 0) 2 + (0- 6) 2 777 

„ c (-3-_0^(2-P)j + (0-6)t _ 3., 2j 6. 

r C J(-3-0) 2 +(2— 0) 2 +(0—6) 2 7 7 7 


z 



• -**>■ (~3-0)1+(-2- 0)]+(0-6)k 3. 2. 6.. 

r ° J(—3— 0) 2 +(-2 -0) 2 +(0 -6) 2 7 7 7 


Thus, the force vectors ¥ A * Fg , F^ and F/> are given by 

*A = 7 ^|l-2j-^kj = [30J-20j-60kIlb 

Fa = F b v b = 70^«.| + |i -1 k j={301+ 20j- 60k] lb 

F C =^® C = 7 0^-l|+'ll- — kj = [-3W+20j- 60k] lb 

F D =F d u d = 7 oMi-lj-^k)= h30i-20j- 60k]lb 


Resultant Force: 


F R =F a + F* + F C + Fd " ( 30 i- 20 j- 60 k) + ( 3 Gi+ 2 Q|- 60 k) + (- 30 i + 20 j- 60 k) + (- 30 i- 20 j- 60 k) 
={- 240 k}N 


The magnitude of is 

Fr =i?R)x 2 +iFR)y 2 +(FRh 2 
=Jo+0+(-240) 2 = 2401b 

The coordinate direction angles of are 


a = cos^ 1 

\w z ] 



l Fr j 

fj = co$ _l 

[^] 


y - cos' 1 

Vfi)z] 

_ i(-240) 

-cos J - =180° 

1 

. % J 

V 240 J 


Axis. 


Ans. 


Ans. 


Ads, 



<*2 
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2-107. The pipe is supported at its end by a cord AB. If the 
cord exerts a force of F = 12 lb on the pipe at A , express 
this force as a Cartesian vector. 

Unit Vector : The coordinates of point A arc 

A( 5. 3cos 20°, -3sin20°) ft = A<5.00, 2.S19 t - 1.026} ft 


Then 

= {{0-5,0G}i + (Q-1819)j + [6~(-L.026))k} ft 
- {-5,001 -X8L9j + 7.026k} ft 
r AS = V (-5-00) 2 + (-2.8 19) 1 + 7.026 1 = 9.073 ft 

t ab -5.00i - 2,819) + 7.026k 

A& r A9 9.073 

= -0,551II - 0.3107j+Q/7744k 



Force Vector: 

?*Fu a9 = 12 {-0.55111-03IC7j+0774410 lb 

^ {-6.6 II— 3,73j +9.29k} lb An* 


*2-108. The load at A creates a force of 200 N in wire AB. 
Express this force as a Cartesian vector, acting on A and 
directed towards B. 


z 



Tab ■ U*in30* -0)1 + (tcas30* *0)J + (2 -0)k 
s (0,51 + 0.866J + 2k}m 

r AM . yW + <0.*66)» + <2)» « 2.236m 
Baj - ^ 0.22361 ♦ 0.3873 j + 0.8944k 

t ■ 200 ba. * (44.71 + 77.3 J + 179 kj N Ai 
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•2-109. The cylindrical plate is subjected to the three cable 
forces which are concurrent at point D. Express each force 
which the cables exert on the plate as a Cartesian vector, 
and determine the magnitude and coordinate direction 
angles of the resultant force. 


z 



r A -(0-0,75)1+ (0-030 + <3-Q)k * (-0.751+0)+Ik} re 


f4 + 01 + 3*-XQSttra 


F* ~F a 


feM^) 


*{-1.43521+3.8209 k} kN 
a {-1.461+5.82 k} kN Am 

f c » [0-{-0.73 sin 43°)]l+[0-(-0.75 cot 45°)]j+(3-0)k 
* {0.53031+0.5303 J+3k> o 
r c = ✓<0.S3O3)»+(0.3303)»+3i a 3.0923 m 


a {a 85751+0.8573 i+4.8307 k } kN 
a {0.8571+0.857 J+4.85k} kN Am 

r» * [0- (-0.75 no 30°)]l+<0-0.75 cos30°\J+(3-0)k 
- {0.3731-0.6495 J+3 k} m 
r. a /(0.373)3+(-0.6493)4+ 31 „ 3.0923 a 

-{0.97011-1.6803J+7.76llk) kN 
a {0.9701- 1.681+7.76k} kN Am 


ft ■ ft +F» +9e 

= {-1.43521+3.8209 k}+ {0.97011-1.6803 J +7.76 Ilk} 
+ {0.85751+0.8375 J + 4.8507 k} 
a {0.37241-0.822SJ + 18.4327 k} kN 

ft - V(0.3724) 1 + H>.8228J* + (18.43I7} 1 

al8.4348kN-18.5kN ** 

-ft , 0.37241-0.82281+18.4327k 
ft 181348 

- 0.020181-0.04459}+0.9988k 


corn -0.02018 
cm#-- 0.04458 
coir a 0.9988 


0=88.8° Am 

fi*92.6’ Am 

7-181° Am 
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2-110. The cable attached to the shear-leg derrick exerts a 
force on the derrick of F = 350 lb. Express this force as a 
Cartesian vector. 

Unit Victor: The coordinates of point B are 

£(5Gsin 30°. 5Gcos 30° f 0) ft = B <25.0. 43.30U 0) ft 

Then 

r AB = {(25.0-0)i + (43.301 -0)J + (0-35) k\ ft 
= {25.0i + 43.3CUj-35,0fc} ft 
r AB =V25.0*+43.301 l +{-35.0) 3 = 61.033 fl 

r Aa 23.0t+43,30 ij - 33.0k 
" 4 * = r AI ~ 61.033 

= 0.409614- 0.7094J - 0.5733k 


Force Vector: 

F => Fu a „ = 350(0.40961 + 0.7094J - 0.5733k} lb 

= {143l+248j-20lk} lb An* 


z 



2-111. Given the three vectors A, B, and D, show that 

A-(B + D) = (A-B) + (A-D). 


Since the component of (B + D) 1* equal to the sum of the components of B and O, then 
A(B+D) = AB + AD (QED) 

Also. 

A - (B+D) = (At + AJ + AW 'HA + ft)* + IB, +D,)i + (B t + D,)k] 

= MB, + ft) + MB, +ft) + MB, + ft) 

= (Aft + A A + AA) + (Aft + Aft + Aft) 

= (A-B) + (Aft (QED) 
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*2-112. Determine the projected component of the force 
F AB = 560 N acting along cable AC. Express the result as a 
Cartesian vector. 


Force Vectors: The unit vectors u ^ and u ^ must be determined first. From Fig. a , 
„ tab, (-t-5- 0)i + (0- 3)j+(l- 0)k _ 3, 2 

m TAB J(-l .5 - 0) 2 + (0 - 3) 2 + (1 - 0) 2 7 7 7 

_ r^c _ (1.5-0)i + (0- 3)j + (3—0)k _1, 2 , . 2 

r *C ,5 _ o) 2 + (0 -3) 2 + (3- 0)> 333 


Thus, the force vector is given by 


*AB =FaB*ab *56(^-^i-|j+<2.kj = [-240i-480j+160k]N 


z 



Vector Dot Product: The magnitude of the projected component of is 

<.Fab)k ’AC =(-^ioi-«oj+i«Ok)f-ii-|j+^kj 

= 346.67 N 


Thus, (Fas )ac expressed in Cartesian vector form is 

(Fab )/c = ^ab )jc »ac = 346 . 6 -( 
231j+231k]N 


Arts* 



ACO, 2>,0) m 
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• 2 - 113 . Determine the magnitudes of the components of 
force F = 56 N acting along and perpendicular to line AO. 


Unit Vectors: The unit vectors u ^ and a ^ must be determined TnsL From Fig, a , 

„ _rto, + 3 f 6. 2 fc 

u Ajy — ““ — — I ~ — J + — K 

FAD VlO-C-I-S)! 2 +(0-3) 2 +(2-l) 2 777 

_ _ r AO _ [0-(-l.S)|+(0- 3)j+(0- l)k _ 3. 6 S 2 , 

V = “I — — J — —* K 

T M> J[0-(-13)f +(0—3) 2 +<0-1) 2 7 7 7 

Thus, the force vector F is given by 

F= Fum = 5^|l-^j+lkj= j24i—48j+ 16kJN 

Vector Dot Product: The magnitude of the projected component of F parallel to line AO is 
(FaoW = F«AO = (241—48j+ 16k)||l-^j-|k j 

-‘Kfl'AfUB) 

= 46,86 N = 46,9 N 


z 



Ans. 


The component of F perpendicular to line AO is 
<FaO> p. = )paml 

= J56 2 - 46 . 86 2 

= 30.7 N Ans . 
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2-114. Determine the length of side BC of the triangular 
plate. Solve the problem by finding the magnitude of \ BC \ 
then check the result by first finding 6 , r AB , and r AC and 
then using the cosine law. 


i*:-(3l+2j-4k} ra 

r,c - ;<3)» +(-*)* =■ 3.39 m Ana 

Alio. 

r*c-{3U4}-lk)B» 

fuc ■ V (3)* ♦ W) 2 + (-1) 1 a 3.0990 m 
r 4J »{2J+3k> m 

r 4 , - * 3.603( n 

»«C- Ut ■ 0+4(2) ♦ (-0(3) ■ 3 


z 



9 - oo .- | f r ' ,c ' r “) 
V r*c M ) 

9 •74.219® 


(3.0990X3.6056) 


r»e • V<J■0990) 1 + 0.6036)* -2(5.0990)(3.6036) co» 74.219* 
'Me * 3.39 m An# 


99 




































2 Solutions 44918 1/21/09 12:02 PM Page 100 



© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


2-115. Determine the magnitudes of the components of 
F = 600 N acting along and perpendicular to segment DE 
of the pipe assembly. 


Unit Vectors: The unit vectors n and n jrp must be determined first From Fig. a , 

□ a, = r™. = (0 “4)i~K2 -5)j+ [0 -(-2)]k _ 0742Sj _ 0.5571j+0.3714k 

T£B J(0 -4) 2 +(2-5) 2 + [0- (-2)1 2 

a £D ” 

Thus, the force vector F is given by 

F = Files = 60C(-0.7428i - 0.557lj + 03714k)= [-44566i- 334.25)+ 222.83t] N 


z 



Vector Dot Product: The magnitude of the component of F parallel to segment D£of the pipe assembly 


C%>>p*i -F -£d = (^45661-33425)+222.83k) H) 

^ (-445.66X0)+(-334.25K-1) +(222.83X0) 

=334.25 = 334 N Am* 


The component of F perpendicular to segment DE of the pipe assembly is 

(Fed }j xr = F 2 ~ (F ED )paial 2 = J^OO 2 - 334.2S 2 =498N Ans. 
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*2-116. Two forces act on the hook. Determine the angle 
6 between them. Also, what are the projections of F 1 and F 2 
along the y axis? 


r, « 600 cm 120-1 ♦ 600 cm 60" J + 600 cot 45* k 
• - 3Q0i + 300J + 424.3 k; F x * 60QN 
F, • 1201 + 90j - BOk: Ft * DON 


F, • ft - 


0 a COt 


-I 


(-300) (120) * (300) (90) + (424.3) <- SO) * - 42944 

iir Ani 

1(170) <fi00)J 


B - j 

So* 

Fi, m F t ■ j » (300} (1) a 300 N An 
Fiy (90)(t) = 90 N An 



•2-117. Two forces act on the hook. Determine the 
magnitude of the projection of F 2 along F 1 . 


y 



Ui = cm 120° i + cm 60* J + coi 43* It 

Pro) Fx * Fi u, = (120) (cm 120*} + (90) (cm 60 s ) + (-80) (cm 4J-) 
I Pro) Ft 1 = 71,6 N An 
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2-118. Determine the projection of force F = 80 N along 
line BC. Express the result as a Cartesian vector. 


z 



Unit Vectors: The unit vectors n p- D and n must be determined first From Fig. a , 

_ _r ro _ (2-2*+(0-2)j+(1.5-0)k 4 Ji 3 1 . 

U FD - i 5 =- - — J + — K 

^ ■J(2-2) 2 +(0-2) 2 +(1.5-0) 2 5 5 

VFC =^= -I-4-_2)i.t(Q^2)j±(Q^0)k__ awm _ 0 . 707I j 
^ J(4-2) 2 +(0-2) 2 +(0-0) 2 


Thus, the force vector F is given by 

F= Fu fd = 80^-|j+|k j = [-64j+48k]N 

Vector Dot Product: The magnitude of the projected component of F along line BC is 
Fgc =F-u fc = (-64 j + 48k) -(0.7071 i- 0.7071j) 

= (0)(0.7071) + (—64)(—0.7071)+ 48(0) 

= 45.25 = 45.2 N 


The component of F^ can be expressed in Cartesian vector form as 
¥ BC “ FC )= 45.25fO.707U - 0.707 lj) 

= {32i-32j}N 


Am. 


Ans. 
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2-119. The clamp is used on a jig. If the vertical force 
acting on the bolt is F = {-500k} N, determine the 
magnitudes of its components F 1 and F 2 which act along the 
OA axis and perpendicular to it. 


z A 



V nil Vector : The unit vector along OA axis is 

_ (0-20) k + (0 - 40) j + (0-40) k l t 2^ 2^ 

“ A0 ~ V(0-20) 1 + (0-40) J + (0-40? ~ 3 3 3 

Projected Component of ¥ Along OA Axis : 

*5 =F<*„o = (-S00k) (~l - |j- 

= 333.33 N = 333 N Ana 

Component of F Perpendicular to OA Axis : Since the magnitude of 
force F is F= 500 N so that 

5 = -I? - /SOP-333.33* » 373 N Am 
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•2-121. Determine the magnitude of the projected 
component of force ¥ ac acting along the z axis. 



Unit Vector; The unit vector n & mu$t determined first From Fig. a , 
d - T AC (l2sm30 Q -0)i^(12cos30°-0)i-KO-36)h 

T/c 12 sin 30° - 0) 2 + (12 cos 30“ - 0) Z + ( 0- 36) 2 


0.1581 i+0.2739j -0.9487k 


Thus, the force vector is given by 

= 600(0.1 5811+0*2739j - 0.9487fe) = {94.871 + 16432J - 569.21 k}N 

Vector Dot Product; The projected component of along the z axis is 
(Ffc ) Z =F /C k = (94.871 +164.32j -569.21k)- b 
=-569 lb 


The negative sign indicates that (F ^ ) z is directed towards the negative z axis. Thus 
(Fj£ ) ; = 5691b Ans, 


2 
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2-122. Determine the projection of force F = 400 N 
acting along line AC of the pipe assembly. Express the result 
as a Cartesian vector. 


z 



Force and unit Vector: The force vector F and unit vector □ ^ must be determined first 
From Fig. (a) 

¥ = 400(- cos 45° sin30°i + cos 45° cos 3(Fj+ sin45°k) 

={~141.421 + 244,951+ 282.84 k } 

, (O-Oji+^-O^^-O^ 4 j ( 3 ]r 

J(0 - 0) 2 + (4 - 0) 2 4 (3- 0) 2 5 5 


Vector Dot Product; The magnitude of the projected component of F along line AC is 
Fpc = {-141421+244.95j+ 28184k) 


=(-141.42X0)+244.9 
= 365.66 lb 


<3 


+ “Kl) 


Ans. 


Thus, ¥j£ written in Cartesian vector form is 


¥ AC = f AC n AC 



= {293j+219k}!b 


Ans. 
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2-123. Determine the magnitudes of the components of 
force F = 400 N acting parallel and perpendicular to 
segment BC of the pipe assembly. 


z 



Force Vector: The force vector F must be determined first From Fig. a , 

F = 400(- cos 45° sin3(Fi + cos 45* cos 30° j+ sin 45°k) 

={-141.421 + 244,95j + 282.84k} N 

Vector Dot Product: By inspecting Fig. (a) we notice that u qc = i Thus, the magnitude of the 
component of F parallel to segment BC of the pipe assembly is 

(Fbc W = F J =(-14L42I +244.95j+282.84k) j 
= -141.42(0)+ 244.95(1)+ 282,84(0) 

= 24495 lb = 245 N Ans. 

The magnitude of the component of F perpendicular to segment BC of the pipe assembly can be 
determined from 

(F[c )pa = -{Pbo Jparal = V-WO 2 - 244,95 2 = 316N Ans. 


%■ 
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*2-124. Cable OA is used to support column OB. 
Determine the angle 6 it makes with beam OC. 

Unit Victor: 


IlDC = 11 

(4-0)1+(8-0)]+ (-8-0) It 


The Angle* Between Two Vectort $: 


*OC J U OA 


=c‘» ‘(f ) + < 0 >(i)*°H) = I 


Then. 


$ = cos 1 (U(k; ' IlfliA ) “ 


il 

3 


70.5 s 


Ana 


z 



•2-125. Cable OA is used to support column OB. 
Determine the angle 4> it makes with beam OD. 


z 



Unit Vector; 


Uoo =-*in 30*1+cos 30°J = -0.31 + 0.8660] 

(4-0)l+(8 -0)J + (-8-0)k 
~ 1 /(4-0)*+<8-0) i + (-8-0) i 

■5*4-!- 

Tk* Anglu Betwoon Two Vectors $: 

» oi>»oa =(-0.Sl+0.86«J)(ll + 5i-^ 
= H>.3>(1)+(0.8660) g)+o(-?) 

= 04107 


Thai. 


$ =■ cos* 1 (u^ ) => cos* 1 0.4107 * 65.8° 


Am 
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2-126. The cables each exert a force of 400 N on the post. 
Determine the magnitude of the projected component of F 1 
along the line of action of F 2 . 

Fore* Victor: 

n F| = sin 35°coa 20°! - sin 35°sin 20*1+ cc* 35*k 
= a J390i -0.1962j+0.8192k 

F t = /■ u* - 400(0.53901 -0.1962J +0,8192k) N 
= {215.591-78.47j+327.66k} N 

Unit Vector: The unit vector along (he line of action of Fj is 

=cos 45°l+eos 60"J+coa 120°k 
= 0.70711+0. 5j-0.5k 

Projected Component of Along Line of Action of ^ : 

=F t = {21 78.47)+327.66k)‘(0*707 li+O.5J-0 t Jk) 

= {2I5*59K0.7O7l) +(-78.47) <0 l5) +(327.66) (-0.5) 

=* -50.6 N 

Negative sign indicates that the force component (F, acts in the opposite sense 
of direction to that of * 

thus the magnitude is (F t = 50.6 N Ana 


z 



2-127. Determine the angle 6 between the two cables 
attached to the post. 


Unit Vector ; 

lijsj — sin 35°cos 20*1 - sin 35 8 sin 20°! + cos 35°k 
' = 0.53901-0.1962]+0.8l92k 

= cos 45° 1 + cos 60°j+cos I20°k 
= 0.70711+ 0.5J-0.5k 


z 



Tk* Angle: Between Two Victors 9 ; Ike dot product of two unit 
vectors must be determined first 

u, t 11^ = (0.53901 - 0. 1962J+0.8192k) • (0.70711 +0.5J - 0.5k) 
= 0J390(0.7071)+(-0.1962) (0.5)+0.8192(-0-5) 

= -0.1265 


Then. 


9 ■ cos' 1 (ufi “0 ■ «•'* (*0.1305) •» 97.3* 


Ana 
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*2-128. A force of F = 80 N is applied to the handle of 
the wrench. Determine the angle 0 between the tail of the 
force and the handle AB. 

= -cos 30° Sid 45*l+cos 30*008 45°J+sin 30°fc 
= -0.6124 i+0,6124J+a5k 

COS0 a n F ■ n*a a (-06134 1+06124 J+<X5 fe) (-j) 
t-0.6124 

0=128° Ans 



•2-129. Determine the angle 6 between cables AB and AC. 


Position Victor : 


t Ag * W- l5)i + C3-0)J + (8-0)M ft 
= {-I3l + 3j + 8k| ft 

riw:^«0-I5)i + (-8-0)J+(I2-0)k} ft 
= {-15i-Sj+12k} ft 

The magnitudes of the postkin vectors are 

r AS = i/(-li) I +3 J + 8 I = 17.263 ft 
r AC = y<-IS) 2 +<-8) 2 -H2* * 20.809 ft 

The Angle* Between Two Vectors 8: 

r AB ■ r AC - ( _ 15* + 3j + 8k) - (-151 - 8j + 12k) 
= M5M-U)+{3)(-*) + 8(l2) 

= 297 ft* 


That. 


$ = cos* 1 I s bos ' 1 [~— 

l Wc ) ll7. 


297 


263(20.809) ] = 


34.2“ A ns 


z 
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2-130. If F has a magnitude of 55 lb, determine the 
magnitude of its projected components acting along the x 
axis and along cable AC. 

Foree Vector: 


_ (0-15)t + (3-0)]+(B-0)fc 
°'‘ i ~ 15) l +(3-0)*+<8-0) 1 

= -0.868914- 0.1738j 4- 0.4634k 

F = fu 4# m 55(-0.86891+Q, 173 8j+0.4634k) lb 
= {-47.7911 + 9.558j + 25.489k} lb 

Unit Vector ; The unit vector along negative x axis and A C are 


(0- 15)l + {-8-Q)j+(l2-Q)k 
* /{ G - 15 )* +(-8 - 0) 2 + ( 12 - 0> 2 

= -0,72091 -0 J845j + 0.5767k 


z 



Projected Component of F ; 

F s a T■ u, = (-47.7911 + 9.558J + 25.489k) * (- li) 

= (-47,791) (-1) + 9,558(0) +25.489(0) 

= 47.8 lb A ns 

F AC = F u AC = (-47.79 li +9,558] + 25.489k) - (-0.72091 - 0.384JJ+0,5767k) 
= (-47.791) (—0.7209) + (9.558) (-0J845) + (25.489) (Q.J767) 
s 45.5 lb Ana 


2-131. Determine the magnitudes of the projected 
components of the force F = 300 N acting along the x and 
y axes. 


Force Vector: The force vector F must be determined first. From Fig. a, 
F = -300sin 30° sin 30°i + 300cas30°j + 300sm30° oos30*k 
= (-751+ 259,81] + 129.90k|N 



Vector Dot Product: The magnitudes of the projected component of F along the x and y axes are 
F x = F I = (-751 + 259.81]+129.90k)«1 
——75(1) +259.81(0) +129.90(0) 

=-75 N 

F y =F j =(-751 + 259.81]+129.90b) ] 

= -75(0) + 259.81 (I) + 129.90(0) 

= 260 N 


The negative sign indicates that F x is directed towards the negative x axis. Thus 

F x = 75 N t Fy - 260 N Ansi. 


Ill 
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*2-132. Determine the magnitude of the projected 
component of the force F = 300 N acting along line OA. 



Force and unit Vector: The force vector F and unit vector n q a must be determined first 
From Fig. (a) 

F = -300 sin 30° sin 30*1 + 300cos 30° j + 3OOsm30 o cas3O°fc) 

={—75i + 259.81j+ 129.90k}N 

n OA _ flL - HMS- 0)i+(0-3-0)j+(0.2598- 0* - gj . 

r ° A J(-0.45 - 0) 2 +(0.3 - 0) 2 + (0.2598 - 0) 2 

Vector Dot Product: The magnitude of the projected component of F along line OA is 
Fqa =F' u OA = { -?5i + 259.81j + 129 + 90k> (-0*75 i + 0.5j + 0.4330k) 

=(^75X-0.75) + 259.81(0.5) +129.90(0.4330) 

= 242 N Ans* 
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•2-133. Two cables exert forces on the pipe. Determine 
the magnitude of the projected component of F 1 along the 
line of action of F 2 . 


Force Victor: 

u#i = cos 30°sin 30°i+co5 30 H cat 30 B |-nii 30 B lt 
® 0,43301 +Ql 7JJ—Qi5k 

F t = =30(0.43301+0.75J-&5k) fc 

i=(I2J»Qi + 224i-iJ + 0k) Vb 

Unit Victor! One c?n obtain tfte angle a » 135* for uitng Eq,2 - 
coi , a+cos 1 /J+ow 1 ? U with £ » 60* md 7 = 60*.Tbe uni vector along the 
Une of action of ^ b 

u* =cw 135*1 +cos 60*|+<j»i 60°fc = -0*70711+ajj+0.5k 

Ctjmpffiitftf of F, Along tke Litto of Action 

(l^ )^ ^ Fj = (119901 + 22*51* I5*€k) 70711+aJJ+0-Jk) 

« U2.W0H*0.7O71> + { 223) (0. JJ+(*15,0HO-5> 

«-5.441b 

Negative sign Indiana that the projected component (F, acts in the opposite 
tenu of diAcun o that of . 

Thu magnitude is (F t )« 5.44 [b. ApkS 



2-134. Determine the angle 0 between the two cables 
attached to the pipe. 


Tk* Angle* Between Two Vector* $; 

(0.45301+0.75J*O.5k) (H)*70711+ 0Ji+a5k) 
= 0,4330{-a 7071)+0.75(05) + HUMOJ) 

=-a isi 2 


Thai, 

•"“•‘‘(■n «*) -OM 1 (-0.1812)- 100* AD* 



Vail Victor; 

u f , - cos 30*sin 30*»+cw 30 °coj M*J-sinWfc 
=0.43301 +0.7SJ - 0.5k 

«* - co* ISJ'l+soi 6CJ+eoi 60“k 
= -0.7<Hli+O.Jj*O.Jk 
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2-135. Determine the x and y components of the 700-lb 
force. 



F. = -700cot 30° = -6061b Am 
Fj = 700 sin 30° = 3501b Ana 
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*2-136. Determine the magnitude of the projected 
component of the 100-lb force acting along the axis BC of 
the pipe. 

Foret Vector: 


(0-6)1+ {12-4)] +(0-(-2)1 k 

U^n, ' ■ —- 

V{0-®*+( 12-4)1+ [Q-(-2)]* 

= -0.58831 +0.784JJ+0.1961k 

F = Fa ca = I00(-0.5883!+0.7845j+0,196 Ik) 
= {-58.8351+78.446J +19.612k) lb 


V n it Victor : Hie unit vector along CB Ls 

!0-6)l + (0-4)J+t0-(-2)]k 
"" = ^{0-6) J + (0-4) 1 +[0-(-2)]i 
= -0.8018! -0.J343J+0.2673k 

Projected Component of W Along CB : 

F cb ~ F u ca =* (-58.8351 + 78.446] + 19,612k) ■ (-0.8Q181-0.5345]+0,2673k) 
- (-58.833) (-0.8018) + (78.446) (-0.5345) + (19.612) (0.2673) 

= 10.5 lb Ana 


z 



•2-137. Determine the angle 0 between pipe segments 
BA and BC. 


Position Vector: 


z 



ft A - {“31) ft 

r,c = «6-0)i+(4-0)J+(-2-0)k} ft 
= {6i+4j-2k} ft 

The magnitudes of the posoon vectors ate 

r )t = 3.00 ft r, c = V6*+4* + (-if = 7.483 ft 

Tht Angle-. Between Two Vectors 6: 

r M -r se ={-3l).«i+4J-2k> 

= (-3)(«)+(0)(4)+0(-2) 

= -18.0 f? 


Then. 




»»4 C 


V r IA r tc 


)■ 


|>00{7.4S3)J 


1 = 


=;I43° 


Aeu 
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2-138. Determine the magnitude and direction of the 
resultant F R = F x + F 2 + F 3 of the three forces by first 
finding the resultant F' = F x + F 3 and then forming 
F R = ¥' + F 2 . Specify its direction measured counter¬ 
clockwise from the positive x axis. 


F ‘ - /<»)» ♦ (J0)» - 2(80X50) cm 103* » 104. 7N 
iin # in 105 “ 

ir-ioo ; 

h - V(104.7)* ♦ <7fl* - 2(104.7X75) cw 183.46* 
h • 177.7 • 178 N Aw 


tap jin 162.46° 

104.1 " 177.7 ! P 

B • 73 * ♦ 10 . 23 * - 15 . 2 * 


10.23 4 

Aw 


/ 

F 



75 ° 

(a.) 


y 




O) 
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2-139. Determine the design angle 6 (6 < 90°) between 
the two struts so that the 500-lb horizontal force has a 
component of 600 lb directed from A toward C. What is the 
component of force acting along member BA? 



The parallelogram law of addition and the triangular rule are shown in Figs* a and b. 


Applying the law of cosines to Fig. 

F r = Jsoo 2 + 600* - 3(500X600)cos 20° 

= 214.91 lb = 2151b Ans. 


Applying the law of sines to Fig- b and using this result yields 


Sant? _ sin 20° 
l00 ~ 214.91 


$ = 52,7° 


Ans. 


Goo lb 



(a.) 




^ kao lb 

r Y& '-^ 


5Q0 tb 


C b) 
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*2-140. Determine the magnitude and direction of the 
smallest force F 3 so that the resultant force of all three 
forces has a magnitude of 20 lb. 


F 2 = 10 lb 



Pj ii minimum • 
ft =■ 20 - |ft + ft| 

*1 + ft =i (j + 10 i + (lO - u I + 8J 

In + n l = /fi 3 + p > 13.401 a 

9 - "“ '(n) = 36 -°" Am 

Thai 

* 20 - 13.601 * 6 40 Lh Am 
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•2-141. Resolve the 250-N force into components acting 
along the u and v axes and determine the magnitudes of 
these components. 




to.) 



2- 142. Cable AB exerts a force of 80 N on the end of the 

3- m-long boom OA. Determine the magnitude of the 
projection of this force along the boom. 

Vector Analysis : 

=, -2*1 — 41.37 j + 64k 
11,0 = - cos 60® I - sin60" J =* -0.JI- 0.866] 

a F • u. 0 « (- 2 *)(- 0 .J) + {-41.S7K-0.866) +(64)0 = 4S.0N An* 
Scalar Anaysis: 

Anftk OAB * tsn~ J * 53.13* 

Proj F =» 30 cos 53.13* ® 48,0 N An* 


z 
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2-143. The three supporting cables exert the forces shown 
on the sign. Represent each force as a Cartesian vector. 


z 



Unu Victor: 

= ((O-J)l + (2-O)J+(3-0)k} m = {-5i + 2j + 3k} m 
r At = V(-5)*+2*+3* = 6.164 m 
u AS = — = a -0.81Hi+0.3244]+0.4867k 

'At 


Force Vector : 

F g = F a u,,g = 400{-0.81Ili +0.3244] +0.4867k} N 
= {-324.441 +129.781+ 194.67k} N 
* {-3241 + 130J+ 195k} N Aw 


r*e = f{0-5)l+(-2-0)J+(3-0)k} ni = {-5i-?|+3k} m 

'*c a /(-5) I +<^j I +3* = «l«4m 
*ac -5i-2J+3k „„ 

«Uc * — » — 7727 — * -0-81111-0.3244J+0.4867k 

r A C OT64 


r DE 1 
r DE - 

u i>g 


{(0-2)1+ (Q~0)J+(3-0)lt) tn = {-21 +3k) m 


V(-2) J +3» = 3.603 m 
-21+7*. _, 

■ — = - m -0.55471+0.8321k 

'ns 3.605 


Fc'TfcU,,, = 400{-0.S II11-0.3244J +0.4867k} N 
= {-324.441 -129.78]+ 194.67k} N 
= {-3241 - 130]+ 195k} N An* 

Fg = f E u 0 £ = 350 (-0.55471 + 0.8321k} N 
= {-194.151 +291.22k} N 
= {-194t + 291k) N Ana 
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